cell-free extract as indicated, in 0-1 M-potassium phosphate buffer, pH 7-4. Incubations were carried out at 370 for 4 hr.
Blanks for each experiment included a zero-hour control with the complete system, a mixture incubated for the experimental period without the precursors, homocysteine and C1 donor.
At the end of the incubation period, the reaction was stopped by steaming for 10 min. and methionine estimated microbiologically in the clear supernatant with Lactobacillus fermenti as the test organism (Barton-Wright, 1952 11-3+0-6 14-2+0.4
30-1 ±90
gives the relative efficiency of various C, donors in influencing methionine synthesis. Formate was the most effective and was used in all subsequent experiments. Equimolar concentrations of DLhomocystine could not replace homocysteine as methionine precursor in the above system. Resting cells of the cholineless mutant of N. crassa were also tested for methionine synthesis from homocysteine, by using serine, formate or glycine, the C, donors found to be most efficient with the wild type. Synthesis in all cases was less than that obtained with the wild type ( Table 2) .
Addition of pteroylglutamate (1 ,ug./ml.) to the incubation system did not affect methionine synthesis by mycelia of wild type N. crassa (Table 3) . However, the inhibition of methionin-e synthesis by aminopterin demonstrates the involvement of folic acid derivatives in this reaction.
Addition of leucovorin (l,pg./ml.) did not reverse this inhibition.
Experiments with cell-free extracts. Table 4 gives a comparison of alumina grinding and the freezethaw method, as procedures for preparation of cellfree extracts capable of methionine synthesis. The latter method was more effective, as there was less loss of activity during rupture, and the percentage of activity in the cell-free extract was also greater (around 80 % as compared with about 60 % with alumina grinding). The cell-free extracts used in subsequent experiments were therefore prepared by the freeze-thaw method. The methionine-synthesizing capacity of the cell-free extract containing 5-6 mg. of protein/ml. was reduced by treatment with 20 % (w/v) Dowex 2 (CF form; 20 mesh) in the cold for 20 min. with occasional shaking. Addition of untreated cell-free extract, inactivated by heating at 650 for 10 min., partially restored the activity. Similar restoration was obtained by addition of a heatinactivated cell-free extract of 0. malhamensis. A cofactor mixture, containing ATP, DPN, magnesium sulphate and leucovorin, also reactivated the Dowex-treated cell-free extract to nearly the same extent (Table 5) .
DISCUSSION
The requirement of exogeneous C1 sources for methionine synthesis by resting cells of N. cra88a is demonstrated by the large increase in synthesis obtained on addition of various C, donors (Table 1) .
The almost equivalent effect of formate and serine in bringing about this increase indicates the Vol. 81 METHIONINE SYNTHESIS IN N. CRASSA 319 capacity of the organism to utilize C, fragments, at both the formyl and hydroxymethyl levels of oxidation, for methionine synthesis. The nonutilization of formaldehyde, which normally functions as a C, donor through the intermediate formation of hydroxymethyltetrahydropteroylglutamate (Huennekens & Osbom, 1959) is probably due to its inhibitory effect. The comparatively lower synthesis of methionine obtained with N. crassa (cholineless), irrespective of the C1 donor used (Table 2) , explains the mutant's observed requirement of methionine for growth in the absence of choline (Horowitz & Beadle, 1943) . Swendseid & Nyc (1958) have shown that N. crassa has a relatively high concentration of folic acid derivatives, accounting for the lack of effect of added pteroylglutamate on methionine synthesis by resting cells (Table 3) . Pteroylglutamate might not be converted by the cells into the metabolically active forms of folic acid, which are probably tetrahydro derivatives of pteroylglutamate. The inhibition of growth of wild-type N. crassa by aminopterin (Swendseid & Nyc, 1958 ) is reflected in a decreased methionine synthesis in the presence of this folic acid antagonist. The inability of leucovorin to reverse the effect might be due to some unidentified types of folic acid derivatives functioning as intermediates.
The essential similarity of cofactor requirements of the methionine-synthesizing systems in 0. malhamen8i8 (Dalal et al. 1961) and N. craa8a is demonstrated by the ability of heat-inactivated extracts of 0. malhamen8is to replace the N. crassa extract as a cofactor source (Table 5) . 2. Added pteroylglutamate has no effect on methionine synthesis by resting cells of the wildtype organism. Leucovorin cannot restore the decrease in synthesis caused by aminopterin.
3. The methionine synthesis obtained by cellfree extracts of Neurospora crassa (wild) is decreased by Dowex 2 (Cl-form) treatment. Addition of heat-inactivated cell-free extracts of either Neurospora crassa or Ochromonas malhamen8i8, or a cofactor mixture consisting of adenosine triphosphate, diphosphopyridine nucleotide, magnesium sulphate and leucovorin, partially restores the activity.
